Background {#Sec1}
==========

Noncommunicable diseases (NCDs) are major contributors to morbidity and mortality worldwide \[[@CR1]\]. For instance, an estimated 17.5 million people died from cardiovascular diseases (CVDs), accounting for 31% of global deaths, in 2015 \[[@CR1]\]. In particular, cardiovascular diseases are responsible for 10% of disability adjusted life years (DALYs) lost in low- and middle-income countries (LMICs) and with 82% of CVD deaths occurring in less economically developed countries \[[@CR2], [@CR3]\]. In developing countries, emergence of the NCDs are adding huge burden on health care systems and resources where there is already appalling burden of infectious (TB and HIV), and perinatal maternal nutritional-related diseases \[[@CR4], [@CR5]\]. The rise in CVD related mortality in LMICs has been attributed to upward trends in the prevalence of CVD risk factors and greater exposure to risk factors \[[@CR3]\]. Adults of working age are most affected by CVD and therefore CVD has a huge economic impact on individuals, households and countries \[[@CR6]\]. A number of these risk factors including high blood cholesterol, high blood pressure, smoking, lack of physical activity, an unhealthy diet and stress can be controlled \[[@CR7]\].

South Africa, with 195 CVD-related deaths per day between 1997 and 2004, has similarly been battling the emergence of NCDs epidemic; heart disease and stroke which are now becoming the leading causes of mortality after HIV (\[[@CR8]\]. In recently released mortality statistics, ischemic heart and cerebrovascular disease accounted for 7.6% of all causes of death \[[@CR9]\]. The country's National Department of Health released a strategic plan outline aimed at reducing NCD morbidity, mortality and associated risk factors prioritizes cardiovascular diseases (CVDs) \[[@CR10]\]. The implementation of the National NCD strategies and plans could be supported by a number of research studies including robust epidemiological assessments of populations and places at high risk of exposure to adverse CVD outcomes and risk factors and assessment of available data sources. Early identification of CVD conditions, management and control of CVD patients is a major public health concern. Outcomes of CVD are mostly dependent on access to efficient and effective primary health care. This includes access to health practitioners, regular medical screening, blood pressure lowering drugs and cholesterol lowering drugs \[[@CR11]\]. A well-functioning and accessible primary healthcare system is key to achieving a reduction in CVD burden and contributing to overall population health \[[@CR3], [@CR12]\]. Communities being able to access to health care can prevent or reduce expensive specialty care, delayed presentation or even death as a result of CVD or CVD risk factors \[[@CR13], [@CR14]\].

Geographical information systems (GIS) software is a tool that has previously been used to model accessibility to healthcare services \[[@CR15]--[@CR18]\]. Access to healthcare services is influenced by several factors. These include 1) geographical accessibility -- the distance or time between a health care and a user; 2) availability -- having access to appropriate health care providers with the necessary materials and equipment; 3) financial accessibility -- pricing of health services, ability of users to pay for services, transport costs to users and 4) acceptability -- receptiveness of health service providers to the social and cultural practices of the communities in which they serve \[[@CR19]\]. This study focuses on geographical accessibility because studies in developing countries have shown that physical proximity of health services is strongly associated with utilization of health services \[[@CR20]--[@CR22]\]. Past research has also found significant associations between heart disease and geographic access to hospitals \[[@CR23], [@CR24]\]. This type of research is of particular interest to health systems policy makers and public health planners because geographic access (distances, travel times and catchments) informs spatial planning and health policy making \[[@CR25]\].

Therefore, the aim of the study was to spatially evaluate geographic health care access of people diagnosed with CVD in South Africa to health facilities and to evaluate the density of the facility network. The spatial location of healthcare facilities and residences of participants diagnosed with CVD were incorporated into a GIS to allow for the geographical defining of accessibility based on travel times and distances. This GIS framework will enable the quantifying of population access to health resources at a district level.

Methods {#Sec2}
=======

Health status data obtained from The National Income Dynamics Study (NIDS) was used to extract participants diagnosed with CVD. GIS analysis was used to incorporate the spatial location of these participants and the location of health facilities to estimate the distance travelled to the nearest health facility along the road network. Network distance to the nearest health facility is a better estimator of distance than the Euclidean distance because it takes the actual road network into account. Further analysis was performed to determine the distribution of health facilities within the various districts.

NIDS data {#Sec3}
---------

The National Income Dynamics Study (NIDS) was initiated in 2008 by the South African Presidency. It was an intensive effort to track changes in the well-being of South Africans by closely following about 28,000 people over a period of years. The NIDS survey is the first national panel study to document the dynamic structure of a sample of household members in South Africa and changes in their incomes, expenditures, assets, access to services, education, health, and other dimensions of well-being. A total of 7305 households were enrolled in the study and participants are tracked as they move to different locations. This ensures that the movement of household members will be accurately captured in subsequent waves of the study.

A stratified, two-stage cluster sample design was employed in sampling the households to be included in the base wave \[[@CR26]\]. The original NIDS sample was obtained in 2008 and 10,367 dwellings were selected from 400 Primary Sampling Units across the country \[[@CR27]\]. Of those dwellings, 7296 were found to be eligible and successfully interviewed \[[@CR27]\]. Within the successfully interviewed households, 31,144 individuals were identified. Non-resident members of households were excluded from the sample, a resident member was defined as an individual that usually resided at the dwelling four nights a week. A final count of 28,226 individuals comprised the continuing sampling members \[[@CR27]\]. Since the beginning of the survey, there have been no refreshment samples added.

The design of the NIDS study envisaged data collection every 2 years. Therefore, the first wave of NIDS was conducted in 2008, the second from 2010 to 2011, the third in 2012 and the last one between 2014 and 2015 \[[@CR28]--[@CR31]\]. The questionnaire completed by adults recorded information about demographics, education, employment, income, health, well-being, numeracy, anthropometric data. One of the health questions that was captured asked participants whether they have ever been told by a doctor, nurse or health care professional that they have heart problems. Since CVD is a series of heart diseases, the participants who responded with yes were extracted for each wave to use in this study.

Roads data {#Sec4}
----------

The national road network data was obtained from the National Geo-spatial Information department, a national South African mapping organization \[[@CR32]\]. Each road segment was assigned a class (regional primary, district or local distributor). The speed limit assigned to each road segment was the maximum legal limit for the class attributed to it.

Health facilities {#Sec5}
-----------------

GPS coordinates of health facilities in South Africa were obtained from the District Health Information System (DHIS) that was adopted by the South African National Department of Health in the year 2000. Data regarding the location of public health facilities (gps co-ordinates, physical address and postal address), type of facility (for example clinic, hospital and mobile structure) and the services provided are captured, validated and updated monthly. This ensures the correctness, completeness, and consistency of the national health facilities data repository.

Network analysis {#Sec6}
----------------

### Origin-destination (OD) cost matrix {#Sec7}

A network is a set of interconnected lines that can represent features such as rivers, roads, waterlines, telecommunication lines etc. In ArcGIS, transportation networks can be modelled by using a network dataset comprising of a road network. This type of analysis models movement of people or goods that are transported along the road network. The OD cost matrix solver, an application in ArcGIS ® \[[@CR33]\], finds and measures the least-cost paths along the road network from multiple origins to multiple destinations. This was used to generate a least-cost path, which refers to the best path that one can travel. The output is a matrix of the shortest travel times and distances to all destinations from all origins. The residential locations of participants diagnosed with heart problems were put into the network analysis model as origins and the location of health facilities were destinations.

The OD cost matrix solver was based on a few assumptions. The first is that participants will choose the shortest path to the nearest health facility \[[@CR34]\]. The second is that the shortest travel time to a health facility is the shortest path to health care \[[@CR34]\]. Third, the network analysis model assumed that survey participants experienced the same travel conditions therefore variation in factors that influence travel time such as day of the week, time of day, traffic patterns and weather are held constant \[[@CR35]\]. Lastly, although a hierarchal speed limit classification system was used in the analysis, travel distances could not account for the variability in road surface types which could affect speed \[[@CR35]\].

### Point density analysis {#Sec8}

A point density analysis was performed using ArcGIS ®to assess the spatial patterns of hospitals in all the provinces. This tool calculates a magnitude-per-unit area from point features that fall within a specified boundary. Once the boundary is defined, the number of points that fall within is totaled and divided by the area of the neighborhood. The output of this analysis is a density surface that shows the distribution of health facilities across the various districts. It is therefore possible to evaluate the availability of health facilities by identifying districts with a higher numbers of health facilities and those with a poor distribution of facilities.

Results {#Sec9}
=======

A large number of study participants who were diagnosed with heart problems were from the African population group and mostly female (Table [1](#Tab1){ref-type="table"}). The highest percentages of participants were in the age groups 45--60 years old and older than 60 years old. Several respondents were diagnosed with risk factors, high blood pressure being the most prevalent. A lack of regular exercise was also commonly reported in each of the waves.Table 1Baseline characteristics of participants in each of the four waves2008 Wave ($\documentclass[12pt]{minimal}
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The wave conducted in 2014--2015 had the largest sample size of participants enrolled in the study. The furthest mean distance from participant residence to the nearest health facility was in the 2010--2001 wave (2.34 km) and maximum individual distance travelled in all waves was 44.20 km in Mopani Limpopo (Table [2](#Tab2){ref-type="table"}). The largest number of participants with CVD was recorded in the 2012 wave (477).Table 2Mean travel distance to health facility by waveWaveTotal participants in studyTotal participants with CVDMean (km)Std devMin (km)Max (km)District of Residence of participant with maximum distance95% Confidence Interval200816,8714702.04.31.6E-0341.4Frances Baard (Northern Cape)1.52--2.392010--201121,8803052.35.22.0E-0340.5Fezile Dabi (Free State)1.65--3.05201222,4664772.14.91.1E-0344.2Mopani (Limpopo)1.57--2.562014--201526,8193752.14.91.9E-0339.6Thabo Mofutsanyane (Limpopo)1.55--2.67

The mean distance that study participants would have had to travel from their residence along the road network to the nearest health facility are shown in Fig. [1](#Fig1){ref-type="fig"} at the district level. For the 2008 and 2012 waves, heart patients in Mopani and Waterberg in Limpopo had the longest mean travel times to a health facility at 12.7 and 11.4 km respectively. For the waves conducted in 2010--2011, participants in Fezile Dabi district municipality in the Free State province had the longest mean travel distance (32.2 km), which was also the longest travel time across all the waves. For the 2014--2015 wave, participants with CVD in Uthukela district in KwaZulu Natal province had the longest mean travel distances (12.20 km). Additional file [1](#MOESM1){ref-type="media"} presents four graphs that show mean distance in kilometers to a health facility from a household with subject diagnosed with a heart condition for each of the waves by district. An estimation of the density of health facilities per 10,000 population in South Africa presented at municipality level in Fig. [2](#Fig2){ref-type="fig"} shows that KwaZulu Natal province had the lowest number of health facilities per 10,000 population. The majority of the province's municipalities have 0.01--1.50 health facilities per 10,000 population. Figure [2](#Fig2){ref-type="fig"} also shows that Limpopo province had the second lowest coverage of health facilities per 10,000 people, more than 70% of the province's local municipalities had less than 1.50 health facilities per 10,000 people \[[@CR36]\].Fig. 1Average distances to health facility by districtFig. 2Number of health facilities per 100,000 population (Source: Human Sciences Research Council, 2012)

A point density analysis of the health facilities nationally shows that the distribution is not even in all the provinces (Fig. [3](#Fig3){ref-type="fig"}). The Northern Cape had the lowest density of health facilities, followed by the Free State. It was established in earlier analysis that the longest individual distances travelled to health facilities were by participants residing in these provinces (2008 and 2010--2011 waves). Although Gauteng is the smallest province, it has the highest density of hospitals and is therefore the province best covered by the health network.Fig. 3Density of health facilities in municipal districts of South Africa

Discussion {#Sec10}
==========

This study used data from four waves of the NIDS to evaluate health care access by analyzing distance travelled by participants diagnosed with heart disease from their residences to the nearest public health facility. We also assessed the distribution of health facilities nationally. The results from this study could provide useful information that can be used in health service delivery planning and the assessment of access to healthcare.

Results showed that significant percentages of participants were exposed to CVD risk factors. Observational studies involving 1 million individuals found that for every 20 mmHg systolic or 10 mmHg diastolic increase in BP, mortality from both heart disease and stroke doubled \[[@CR37], [@CR38]\]. High blood pressure (HBP) was the most commonly reported risk factor in all four waves (55.62%, 56.92, 61.48% and 44.95%). Therefore, these individuals are at a high risk of succumbing to heart diseases or strokes. This high prevalence of HBP in people who have heart disease supports the global statistics released by WHO \[[@CR39]\] that increased bold pressure is the leading risk factor for heart disease worldwide. In South Africa, the risk of death from HBP has increased by 25% in less than a decade \[[@CR40]\].

Regular blood pressure screening and treatment are important aspects in the control of HBP however this can be hampered by poor access to health facilities leading to poor outcomes in patients. Individuals with HBP require consistent evaluation by medical practitioners including physical examinations and routine laboratory tests in order to monitor the effectives of treatment or lack thereof, to assess presence of organ damage and to monitor comorbid conditions \[[@CR41]\]. Once blood pressure is at an optimum level, follow up visits can be at 3 or 6-month intervals \[[@CR41]\]. A study by \[[@CR42]\] reported a positive association between a shorter distance of travel to a health facility and adherence to hypertensive medication. Therefore, participants in the NIDS survey are likely to increase time intervals between health facility visits or default on HBP treatment if they must travel long distances to health care. Another study that demonstrates a link between distance to healthcare and HBP was done by \[[@CR43]\]. They found that travelling long distances to prenatal care was associated with increased risk of having HBP during pregnancy.

Lack of physical activity is one of the lifestyle risk factors of heart disease and the majority of respondents in all waves reported that they never exercise (75.31%, 76.95, 72.26% and 79.69%). Studies have found that regular exercise can reduce the progression of heart disease and substantially lowers the risk of recurrent cardiovascular events \[[@CR44], [@CR45]\].

A systematic review found that 71% of all studies reported that a high volume of hospitals is associated with better outcomes across a wide range of conditions \[[@CR46]\]. The results of our analysis show that high volumes of health facilities are concentrated in provinces with high economic activities (Gauteng), disadvantaging poor communities. A high number of districts are underserved by health facilities due to the low density of facilities (less than 30 facilities per district). This emphasizes poor health network coverage experienced by study participants with CVD living in those districts, delayed access to medical care in patients with heart disease increases myocardial damage and mortality \[[@CR14]\]. Those who are reliant on public transport are particularly affected and this is the most common form of transport in South Africa \[[@CR47]\]. Health facilities are concentrated in provinces with high economic activities (Gauteng), further disadvantaging poor communities. The concentration of public health facilities in urban areas shows that they are prioritized by health systems development over rural areas.

The performance of an efficient health system is commonly gauged by equity in health service provision \[[@CR20]\]. Equity can be measured by the distribution, access and utilization of health services \[[@CR20]\]. This study shows that the distribution of health facilities is not uniform and therefore equity with regards to access is compromised. The Northern Cape and Free State provinces had among the lowest density of health facilities and both had longest individual travel distances for 2 waves (41.4 and 40.5 km, for 2008 and 2010--2011 waves respectively). Limpopo had the longest individual travel distance for 2 waves (44.2 and 39.6 km for 2012 and 2014--2015 waves respectively). A study conducted by \[[@CR48]\] in KwaZulu Natal province involving 404 participants reported that patients with XDR TB in three districts travelled between \> 10 -- 50 km to the health facility at which they were diagnosed. Our results show that the individual longest distance to a health care are within this range.

These provinces also had the highest unemployment rates amongst adults aged 35--64 years in 2015 Statistics South Africa \[[@CR49]\]. This is of concern because studies have shown that individuals of lower socioeconomic status are more vulnerable to heart disease due to increased exposure to risk factors \[[@CR6], [@CR50]--[@CR53]\].

Results showed disparities in access to health facilities between the various districts across South Africa. District level analysis showed that Fezile Dabi in the Free State province had the furthest mean travel distance to the nearest health facility (32.23 km for the 2010--2011 wave). Mopani and Waterberg (Limpopo) and Uthukela (KwaZulu Natal) districts also had the highest mean travel times for the 2008, 2012 and 2014--2015 waves (12.7,11.38 and 12.20 km respectively). These districts have large proportions of their populations living in rural areas and rural communities are usually among the poorest in the country. This study provides evidence that rural communities are at a disadvantage due to travelling long distances to seek medical care.

The main limitation of our study was that although the GPS co-ordinates of residential location for all survey participants were available, a data confidentiality agreement limited us to district level reporting of NIDS survey data and subsequent analysis.

Conclusion {#Sec11}
==========

This study analyzed the distance of public health facilities from the residential locations of participants diagnosed with CVD. Results showed that several districts were found to have low densities of public health facilities. A lack of accessible healthcare in already impoverished municipalities could result in an increased lack of timely diagnosis and poor CVD case management. Analysis further showed that the poor suffering from CVD tend to reside furthest from the nearest health facility resulting in unreasonable travel burdens. The inability to bear travel costs therefore constrains them in terms of accessing health care. Therefore, it is evident that proximity to a health facility and financial assistance are important factors in assisting the poorest populations. Spatial analysis using GIS can be used for decision making by South Africa's national health systems programs to develop policies that address issues such as the poor distribution of health facilities, particularly in rural areas, that results in areas or populations being underserved by health facilities. GIS can also be used for the identification of populations that must travel long distances to receive healthcare. This is crucial in policy development regarding equity of access to health care. The findings of this study provide evidence to health systems decision makers that future resource planning should include increasing the number of health facilities to improve accessibility. Furthermore, these facilities should ideally be located in underserved districts. These policies will be key in preventing and controlling the emerging CVD burden through an accessible primary healthcare system for early detection and case management.
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